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METHOD FOR CONTROLLING AUTOMATIC OR AUTOMATED TRANSMISSION 
DOWNSHIFT USED FOR POWER BRAKING 

The invention concerns a method for controlling downshifting steps in automatic or 
5 automated transmissions, so as to make it possible to improve the driving pleasure and the 
security of the vehicle. 

In most methods for managing gear shifting in automatic mode, for automatic 
transmissions as well as for automated transmissions, gear shifting is decided by a computer 
as a function of the speed of the vehicle and the load of the engine. Most often, these criteria 
10 are translated in the form of gear shifting laws, which are represented in the form of curves 
constructed in a plane having the speed of the vehicle at the wheels V ve h in abscissa and the 
degree of depression of the acceleration pedal in ordinate. 

The general principle of the gear shifting laws is proposed in Figure 1, in which curves 
Ci and C2 represent gear shifting laws by downshifting from N to N-l and from N+l to N, 
15 respectively. 

According to this principle, it appears that a single shifting of gears by downshifting is 
possible at one time. Indeed, to pass from a transmission ratio N+l to a transmission ratio N- 
1, the vehicle must undergo a certain deceleration so that the computer decides the passage 
from the transmission ratio N+l to the transmission ratio N, then the passage from the 
20 transmission ratio N to the transmission ratio N-l . For example, in the case where the driver 
decides to slow down the vehicle by releasing the acceleration pedal, then by braking, it is 
observed that we start at a point A to reach a point B which corresponds to the fact that the 
driver has released the acceleration pedal, then, when the speed of the vehicle at the wheels 
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V V eh cuts the curve C 2 at point C, the computer decides the passage from the transmission 
ratio N+l to the transmission ratio N and, finally, when the speed of the vehicle at the wheels 
V V eh cuts the curve Ci at point D, the computer decides the passage from the transmission 
ratio N to the transmission ratio N- 1 . Overall, a few seconds go by to pass from the 
5 transmission ratio N+ 1 to the transmission ratio N- 1 . 

It is observed also that downshifting, according to the general principle of the gear 
shifting laws, does not take into account parameters other than the speed of the vehicle and 
the load of the vehicle, such as the intensity of braking, the duration of braking, or the driving 
style of the driver. 

10 In summary, the general principle of the gear shifting laws such as described above 

does not make it possible to anticipate downshifting operations that generate engine braking, 
in the case where the driver wishes to slow down the vehicle or obtain some acceleration. 

In order to remedy this drawback, recent systems for controlling automatic gearboxes, 
based on the calculation in real time of the engine speed under which a downshifting is 

15 decided, have been developed. It is the case, for example, with the patent EP 0991880 Bl 
which claims a method for controlling downshifting making it possible, among others, to 
anticipate downshifting as a function of the load of the vehicle, the duration of braking the 
intensity of braking, the driving style of the driver, and the speed of the vehicle. The method 
for controlling downshift described in the patent EP 0991880 Bl consists in determining, 

20 during braking, as a function of the intensity and the duration of braking, of the declivity of 
the road, and of the driving style of the vehicle, the threshold value of the speed of the input 
shaft of the gearbox ^threshold, under which the classic law for shifting gears is no longer used, 
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and under which the anticipated downshifting from a transmission ratio N to a transmission 
ratio N-l is imposed. 

However, the method for controlling downshifting of the automatic transmission as 
described in the patent EP 0991880 Bl does not make it possible to anticipate downshifting of 
5 more than one transmission ratio. I.e., it is not possible to pass directly from a transmission 
ratio N to a transmission ratio N-2, because the computer must first decide to engage the 
transmission ratio N-l before having to decide whether it is necessary to engage the 
transmission ratio N-2. 

Accordingly, a goal of the present invention is a method for controlling automatic or 
10 automated transmission downshift, making it possible to anticipate a gear shift with 
downshifting of more than one transmission ratio. 

More precisely, an object of the invention is a method for automatic or automated 
transmission downshift used for power braking and comprising a group of standard downshift 
laws, characterized in that it consists in defining, below a certain arbitrary threshold Ethreshoid 
15 of depression of the acceleration pedal, a new downshift law intended to replace the standard 
downshift law in activity. 

The new downshift law is defined by a gap A( n ) (n _i) of the downshift law in activity, 
this gap A( n )( n -i) being calculated between the arbitrary threshold Ethreshoid of depression of the 
acceleration pedal and the depression zero of the acceleration pedal. 
20 The calculation of the gap A( n )(„_i) of the gear shifting law in activity comprises the 

following steps: 

- determining by fuzzy logic, for an engaged transmission ratio, for a depression E of 
the acceleration pedal of zero and from the deceleration of the vehicle due to braking, the 
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duration of braking, the speed of the vehicle, and the load of the vehicle, an interval I of 
speeds of the input shaft of the gearbox of the engine in which downshifting must be engaged, 
this interval I comprising an upper limit Qsport which corresponds to a sportive driving style 
and a lower limit Q E co which corresponds to an economical driving style, 
5 - determining by linear extrapolation as a function of a sportivity index (I sp ortivity) of the 

driving style of the driver, itself determined by fuzzy logic, and as a function of the speeds 
(D E co) and (n Sp0 rt) calculated previously, the speed (^threshold) of the input shaft of the gearbox 
of the engine below which downshifting must be triggered, 

- converting the speed ^threshold of the input shaft of the gearbox of the engine at a 

10 speed of the vehicle at the wheel V ve h(n)(n-i) for each transmission ratio N, this speed V ve h(n)(n-i) 
corresponding to the position where the depression of the acceleration pedal is zero, 

- calculating by linear interpolation the gap A( n )( n _i) between the position where the 
depression E of the acceleration pedal is zero and the position where the depression E of the 
acceleration pedal is equal to the arbitrary threshold Ethreshoid of the depression of the 

15 acceleration pedal, 

- verifying that the gap A( n )( n _i) is above or equal to zero, otherwise keeping the result 
obtained with the standard downshift law. 

The invention concerns also an automatic transmission implementing the method for 
controlling downshift used for power braking as described above. 
20 The invention will be better understood by referring to the following description 

presented as a non-limitative example and to the annexed drawings in which: 
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- Figure 1 represents a graph of standard gear shifting laws comprising, in abscissa, 
the speed of the vehicle at the wheel V ve h, and in coordinate, the depression E of the 
acceleration pedal, 

- Figure 2 represents the principle for obtaining the new gear shifting laws according 
5 to the method for controlling downshift used for power braking described in our invention, 

- Figure 3 includes an example of determination by fuzzy logic of the target speed of 
the input shaft of the gearbox corresponding to an economic driving style Fuz D Ec o for a load 
Q of the vehicle equal to zero and for a low speed of the vehicle V ve h, 

- Figure 4 represents in a graph the new gear shifting laws according to the method for 
10 controlling downshift used for power braking described in our invention. 

Reference is made to Figures 2 and 3 to explain in more details the method for 
controlling downshift used for power braking according to the invention. During the braking 
phase, a first computing unit, named block 1, will receive the following data: 

- Vveh, which corresponds to a measurement of the speed of the vehicle at the 
15 wheels, 

r ve h, which represents the deceleration of the vehicle obtained either by derivation 
and filtering of the speed of the vehicle V ve h or by a physical measurement, 
Tbraking, which represents the duration of braking, which is incremented from a zero 
value as soon as the braking contact is activated, 
20 - Q, which represents the load of the vehicle, determined in a standard manner by 

the following formula: 
Q = F driv - F res istant - M . r veh , where 

• Fdriv is the driving force at the wheels 
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• F re sistant is the total of forces of resistance to movement, in 
connection, for example, with the aerodynamics of the vehicle or 
the adherence of the road. 

• M is the mass of the empty vehicle. 

From the data r veh , V ve h, T bra king and Q and in a manner analogous to the 
method described in the patent EP 0991880 Bl, the block 1 calculated by fuzzy logic 
the target speed of the input shaft of the gearbox corresponding to an economical 
driving style Fuz£3 Eco and the target speed of the input shaft of the gearbox 
corresponding to a sportive driving style Fuz^sport- The target speed of the input shaft 
of the gearbox is the limit speed at the clutch output for a robotized gearbox, also 
called automated transmission, or at the converter output for an automatic 
transmission, below which downshift is anticipated. 

As an indicative and non-limitative mention, the calculations by fuzzy logic 
used for determining the target speed of the input shaft of the gearbox corresponding 
to an economical driving style Fuz£2 Ec o are performed for a depression zero of the 
acceleration pedal since we are in braking mode, and they are illustrated in an example 
on Figure 3. This figure represents a graph in three dimensions making it possible to 
determine, as a function of the deceleration r ve h and of the duration of braking Taking, 
the target speed of the input shaft of the gearbox corresponding to an economical 
driving style FuzD Eco . The graph corresponds also to a situation where the load Q of 
the vehicle is zero and where the speed V ve h is low. The values T ve h, Taking and 
FuzQeco are given as a membership degree comprised between 0 and 1 . Thus, for a 
deceleration value T ve h which is equal to 0.2 (i.e., 101.6 rev/min/sec) and a duration of 
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braking T br aking which is equal to 0.1 (i.e., 2.55 sec), the target speed of the input shaft 
of the gearbox corresponding to an economical driving style FuzQ E co is equal to 0.25 
(i.e., 2,040 rev/min). 

Then, the block 2 applies a gain to the target speeds calculated previously as a 
5 function of the transmission ratio N engaged previously. This gain makes it possible 

to obtain the same target speed after downshifting for an equivalent target speed 
before downshifting, even though the stepping of the transmission reductions is not 
constant from one initial gear to the other. 

Thus, for an engaged transmission ratio N, and from the deceleration of the 

10 vehicle due to braking r ve h, the duration of braking Tbraking, the speed of the vehicle 

Vveh, and the load of the vehicle Q, an interval I of speeds of the input shaft of the 
gearbox of the engine in which downshifting must be engaged has been determined, 
this interval I comprising an upper limit Dspon which corresponds to a sportive driving 
style and a lower limit £"2e co which corresponds to an economical driving style. 

15 From the two limits of the interval I, the block 3 determines, by linear 

interpolation and as a function of a sportivity index of the driver I sp ortivity determined 
by fuzzy logic, the average target speed of the input shaft of the gearbox: 

^threshold = ^Eco + (^Sport ~ ^Eco) • Isportivity 

The block 4 then converts the average target speed of the input shaft of the 
20 gearbox ^threshold into an average target speed of the speed of the vehicle at the wheels 

for each transmission ratio N as a function of the transmission ratio of the gearbox R' n 
and of the transmission ratio of the axle assembly R" n according to the formula: 

Vveh(n)(n-1) = ^threshold • R'n ■ R"n 
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It is then observed, by reference to Figure 4, that the average target speed of 
the speed of the vehicle at the wheels V ve h(n)(n-i) corresponds to the position where the 
depression E of the acceleration pedal is zero and where gear shifting from N to N-l 
must be engaged. 

5 Finally, based on the gear shifting laws elaborated by standard mapping in the 

block 5, the block 6 recalculates the gear shifting laws by linear interpolation between 
the position where the depression E of the acceleration pedal is zero and where the 
average target speed of the speed of the vehicle at the wheels is equal to V ve h( n )(ni) and 
the position where the depression E of the acceleration pedal is equal to an arbitrarily 

10 chosen threshold Ethreshoid and where the corresponding average target speed of the 

speed of the vehicle at the wheels is determined according to standard mapping in 
block 5, i.e., Viaw(n)(n-i). As a consequence, the gear shifting law between the two 
positions of the acceleration pedal defined previously admits a gap A( n )( n _i) which is 
equal to V ve h(n)(n-i) - Vi aw (n)(n-i) (Ethreshoid) when the depression E of the acceleration 

15 pedal is zero and if V ve h(n)(n-i) - Vi aw (n)(n-i) (Ethreshoid) is above or equal to zero and which 

is equal to zero when the depression E of the acceleration pedal is equal to Ethreshoid- 

The gear shifting law, established by linear interpolation between the two 
positions of the acceleration pedal defined previously, can be expressed as follows: 

A( n )(n-1) = (V V eh(n)(n-l) ~ Vl aw (ri)(ri-1) (Ethreshoid)) • (Ethreshoid - E) / Ethreshoid) 

20 By reference to Figure 4, it appears that, in a standard braking situation where 

the driver releases first the acceleration pedal before braking, one starts from a point A 
which corresponds to a transmission ratio N+l engaged and which corresponds to a 
certain speed V a and to a certain depression of the acceleration pedal E a , to move 
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toward a point B which corresponds to a lower speed Vb and to a depression of the 
acceleration pedal which is zero. When the driver begins to brake, the method for 
controlling downshift relative to our invention calculates the gaps A( n+ i) (n ) and A( n ) (n _i) 
for each of the gear shifting laws N+l/N and N/N-l corresponding to curve C2 and to 
5 curve Ci, respectively. Since Vb is lower than V ve h(n)(n i), the method for controlling 

downshift deducts therefrom that it is necessary to engage the transmission ratio N-l. 
Thus, one passes directly and in an anticipated manner from a transmission ratio N+l 
to a transmission ratio N- 1 . 
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